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(57) ABSTRACT

Tire (1) for an off-road vehicle, comprising a crown and a
tread (22) having a width W and a thickness E of wearable
matenal, this tread (22) having a superposition of at least
two layers of materials, a first layer (221) radially on the
inside and a second layer (222) radially on the outside of the
first layer (221) to contact the ground when the tire 1s new,
this second layer (222) having a thickness E2 relative to the
thickness E of wearable matenal, the tread (22) being
provided with at least two narrow grooves (4, 5) running all
around the tire which have a zigzagging shape of wave-
length L. and amplitude A, the wavelength L being between
10% and 120% of the axial width W of the tread (22), and
the amplitude A being between 10% and 75% of axial width
W. The matenal of the first layer (221) 1s chosen with low
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hysteresis; with a measured tan(d) value at most equal to
0.30.
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TIRE FOR OFF-ROAD VEHICLE HAVING
IMPROVED ENDURANCE

RELATED APPLICATIONS

This 1s a U.S. National Phase Application under 35 USC
3’71 of International Application PCT/FR2018/0523352 filed
on Sep. 235, 2018.

This application claims the priority of French application
no. 17/58819 filed Sep. 25, 2017/, the entire content of which

1s hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a tire that can be of radial
structure and 1s intended to be fitted to an “off-road” (or
“off-the-road”) vehicle employed 1n civil engineering work;
it relates more particularly to the tread of such a tire and to
the tread pattern design thereof.

More particularly, the invention relates to the tires used on
vehicles working 1n underground mines (engaged 1n “under-
ground mining’), these tires being provided with a very
thick tread usually having no tread pattern design. These
tires correspond to the tires referenced E4 or L4 or L35
according to the usage codings standardized in the ISO,
ETRTO, TRA, JATMA regulations.

The thickness of the tread of such tires and, more par-
ticularly, the wearable thickness of material for such tires 1s
at least 50 mm, and may, these days, range to as much as 150
mm.

Definitions

An equatorial mid-plane 1s a plane perpendicular to the
ax1s of rotation and passing through the points of the tire that
are radially farthest from the said axis. This plane divides the
tire into two equal halves.

A radial direction means, in the present document, a
direction which 1s perpendicular to the axis of rotation of the
tire (this direction corresponds to the direction in which the
thickness of the tread 1s measured).

A transverse or axial direction means a direction parallel
to the axis of rotation of the tire.

A circumierential direction means a direction tangential to
any circle centred on the axis of rotation. The circumieren-
tial direction 1s perpendicular both to the axial direction and
to a radial direction.

Axially or radially outwards means a direction oriented
towards the outside of the internal cavity of the tire, this
cavity containing the air with which the tire 1s 1nflated.

The usual conditions of runming of the tire are those
defined, for example, 1n the ETRTO European standard;
these conditions of use specily the reference inflation pres-
sure corresponding to the load-bearing capability of the tire
as indicated by its load index and 1ts speed rating. These
conditions of use can also be referred to as “nominal
conditions” or “working conditions”.

A cut generically denotes either a groove or a sipe (or 1n
the latter case a narrow groove) and corresponds to the space
delimited by walls of material that face one another and are
at a non-zero distance (referred to as the “width of the cut”™)
from one another. It 1s precisely this distance that distin-
guishes a sipe or narrow groove from a groove; in the case
ol a sipe or narrow groove, this distance 1s appropnate for
allowing the opposing walls delimiting the said sipe to come
into at least partial contact when 1n the contact patch 1n
which the tire 1s 1n contact with the ground. In the case of
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2

a groove, the walls of this groove cannot come into contact
with one another under usual running conditions.

BACKGROUND OF THE INVENTION

A tire intended to be fitted to an ofl-road vehicle com-
prises a crown part, sidewalls extending this crown part on
either side, these sidewalls ending 1n beads. These beads are
intended to provide mechanical connection between the tire
and the rim on which 1t 1s mounted.

The crown part of the tire comprises a remnforcement
surmounted radially on the outside by a tread intended to
come 1nto contact with the ground during running. This tread
has, radially on the outside, a tread surface intended to
provide contact between the tire and the ground. This tread
comprises a thickness of matenal that can be worn away
during running.

Furthermore, the tire comprises a carcass reimnforcement
extending both 1n the crown part of the tire and in the
sidewalls 1n order to be anchored in each bead. This carcass
reinforcement 1s made up of one or more carcass layers, each
carcass layer comprising a plurality of reinforcing cords,
generally made of metal 1n the case of this type of tire, these
reinforcers being positioned one beside another and coated
in an elastomer material. In the case of a tire of radial
construction, the reinforcing cords of the carcass reinforce-
ment are oriented radially, which means to say so that they
make an angle equal to or close to 90 degrees with respect
to the circumierential direction.

Furthermore, this carcass reinforcement 1s surmounted
radially on the outside in the crown part by a crown
reinforcement, the latter itself being surmounted by the
tread.

The crown reinforcement comprises a working reinforce-
ment formed of at least two working layers the function of
which 1s to form a belt around the tire 1n order to give the
tire stiflness and thus ensure good road-holding of the tire.
This working reinforcement may further comprise one or
more hooping layers formed of reinforcers oriented at a
small angle or angle equal to zero degrees with respect to the
circumierential direction. The working reinforcement
absorbs both mechanical stresses of inflation, which are
generated by the tire inflation pressure, and mechanical
stresses caused by running, which are generated as the tire
runs over the ground and are transmitted by the tread.

Furthermore, and 1n order to limit the consequences of
attacks during running over uneven ground, the crown
reinforcement may comprise at least one so-called protective
layer. This protective layer 1s made of elastic metal cords,
parallel to one another; elastic meaning a metallic cord
which exhibits great elongation under light load. This pro-
tective layer 1s positioned as close as possible to the tread,
namely radially on the outside of the crown reinforcement.

The tread of such a tire intended to be fitted to an ofl-road
vehicle has a large thickness of wearable material, namely a
thickness at least equal to S0 mm. It 1s common practice to
provide, for a tire having such thicknesses and having no
tread pattern design on 1ts tread, a notch located on one of
the lateral edges of the tread and the bottom of which 1s
positioned radially above the crown reinforcement. This
notch acts as a visual marker to monitor the tread wear and
determine the opportune moment for replacing or recapping
the tire.

This large thickness i1s needed 1n order to withstand the
harsh conditions of running over uneven ground on which
there are numerous objects that may be aggressive 1n nature.
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It has been found that having a great thickness of elasto-
mer material, combined with particularly harsh conditions of

use, notably a particularly high load, may cause significant
increases in temperature at certain points on the tire and
more specifically 1n the tread. The temperature level reached
may become a factor that requires the setting of limits 1n the
use of the tire. For example, the user 1s often made to limit
the maximum speed of the vehicle 1n order to limit the level
of heat 1n the tread and 1n the vicinity of the axial ends of the
layers of the crown reinforcement.

One known way for partially alleviating this problem 1s to
provide the tread with cuts (wide grooves and/or narrow
grooves), namely to use moulding to form a network of cuts
that are open onto the tread surface of the tread, these cuts
extending into the thickness of the tread. These cuts, as a
result of the presence of the walls that delimit them, act as
thermal ventilation means 1n the material of which the tread
1s made. However, these same cuts lead to a decrease 1n the
stiflness of the tread, and this generates greater deformations
of the tread as a result of compression and shearing during
running. These same cuts, when their width 1s substantial,
may weaken the tread by allowing foreign bodies to be
captured within these cuts. Once captured, these foreign
bodies may travel towards the bottom of the cuts and
gradually harm the tread material or even the crown rein-
forcement and thus cause the metal cords of the crown
reinforcement to corrode through the ingress of water.

One solution to these problems has been proposed in
document EP 2251214, according to which solution circum-
terentially oriented narrow grooves are formed. What 1is
meant here by a narrow groove 1s a groove of which the
width (namely the mean distance separating the opposing
walls) 1s determined so that the walls delimiting this groove
close up and come 1nto contact with one another at least
partially when they enter the contact patch 1n which the tire
1s 1n contact with the ground. The term sipe may also be used
to denote a narrow groove.

SUMMARY OF THE INVENTION

Research has been undertaken by the Applicant 1n order to
turther 1mprove the performance of tires with great tread
thickness and determine a particular geometry of narrow
groove which, in combination with the presence of specific
materials in this tread, provides better thermal ventilation
and thus makes it possible to increase the running-speed
limit, while at the same time aflording the tread suthicient
protection against attack suflered during running.

This objective has been achieved, according to an
embodiment of the invention, by a tire for an ofl-road
vehicle, comprising:

a crown part extended on each side by sidewalls, these

stdewalls ending 1n beads,

a carcass reinforcement extending in the crown part, the

sidewalls and the beads,

this crown part comprising a crown reinforcement com-

prising a working reinforcement and protective rein-
forcement, this crown reinforcement being situated
radially on the carcass reimnforcement and radially on
the outside of a tread having a width W and a thickness
E of wearable material, this thickness E of wearable
material being at least equal to 50 mm, this tread
comprising a superposition of at least two layers of
materials, a first layer located radially on the inside and
a second layer located radially on the outside of the first
layer, this second layer coming into contact with the
ground when the tire 1s new, this second layer having
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a thickness comprised between 20% and 90% of the
thickness E of wearable maternal,

the tread being provided with at least two narrow grooves

running all around the ftire.
This tread 1s characterized in that:
the narrow grooves have a zigzagging overall shape of
wavelength L and amplitude A, the wavelength L being
comprised between 10% and 120% of the axial width
W of the tread, and the amplitude A being comprised
between 10% and 75% of this same axial width W,

the material of the first layer of the tread 1s chosen to have
low hysteresis; what 1s meant by low-end hysteresis
here 1s a material of which the measured tan(0) value 1s
at most equal to 0.30.

A cut runs all around the tire when 1t 1s continuous and
extends all around the tire, namely all around its axis of
rotation. It 1s of the zigzagging overall shape when it has a
geometry that i1s crenellated or sinusoidal or undulating
about a mean circumierential direction. The amplitude A of
this zigzagging overall shape 1s measured 1n the transverse
direction (direction parallel to the axis of rotation of the tire)
and its wavelength L 1s measured in the circumierential
direction.

In the present document, the measured tan(d) value, that
measures the hysteresis loss factor of a rubbery material, 1s
obtained on test specimens taken from the tire. Each cylin-
drical test specimen of material has a height of 2 mm and a
diameter of 10 mm, and 1s subjected to a simple alternating
sinusoidal shear stress, at a frequency of 10 Hz and at a
temperature of 60° C. on a viscoanalyser (Metravib
VA4000) according to Standard ASTM D 3992-96. A strain
amplitude sweep 1s carried out from 0.1% to 100% peak-
to-peak (outward cycle) and then from 100% to 0.1%
peak-to-peak (return cycle). The results exploited are the
complex dynamic shear modulus (G*) and the loss factor
tan(d). For the outward cycle, the maximum value of tan(o)
observed, denoted tan(d)max; and also the modulus G™* at
50% strain, denoted G*350%, are indicated. The dynamic
properties, particularly tan(d)max, idicative of the hyster-
esis, are measured.

As a preference, the material adopted for the first layer of
the tread 1s a material that has a tan(0) value at most equal
to 0.20.

Advantageously, the amplitude A of the zigzagging nar-
row grooves 1s comprised between 10% and 40% of the
width W of the tread.

Each zigzagging narrow groove has a maximum depth
which 1s at least equal to 20% of the thickness E of wearable
material and at most equal to 90% of the same thickness E.

More preferably still, the maximum depth of the zigzag-
ging narrow grooves 1s comprised between 40% and 70% of
the thickness E of wearable material.

According to one preferred embodiment of the invention,
the tread comprises two narrow grooves ol zigzagging
overall shape, these grooves being situated one on each side
of the equatorial mid-plane. Each narrow groove 1s formed
entirely 1n one half of the width of the tread, so that there 1s
delimited, between the said narrow grooves, a central part of
a width comprised between 0% and 70% of the width W of
the tread.

Advantageously, the central part, between two zigzagging
narrow grooves formed 1n each of the edges of the tread, has
a width comprised between 40% and 70% of the width W of
the tread. If this width 1s greater than 70%, then the effect on
the level of heat 1s msutlicient. If the width 1s too small and
less than 40%, the stresses in the central part are higher and
may aflect the endurance of the tread.
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In this embodiment, the central part, of a width comprised
between 40% and 70% of the width W of the tread, 1s

provided with a plurality of narrow grooves arranged uni-
formly or near-uniformly around the tire.

In a particularly advantageous alternative form of 5

embodiment, a plurality of mechanical bridges are created 1n
the zigzagging narrow grooves, at least in the parts oriented
chuefly circumierentially and situated axially furthest
towards the outside. This bridging formed from the bottom
of the narrow grooves mechanically connects the opposing
walls and locally reduces the depth of these narrow grooves
by at least 20% and preferably 50% of the maximum depth
of these narrow grooves. Thanks to this bridging, it is
possible to afford the tread suflicient protection against
potential attack experienced during running.

This latest alternative form of embodiment comprising a
bridging 1n the narrow grooves may be further improved by
forming bridging on all the parts oriented chiefly circum-
ferentially.

As a preference, each zigzagging narrow groove com-
prises a plurality of groove parts oriented chiefly circum-
terentially, each of these parts having a length L.c measured
in projection onto the circumierential direction. Each narrow
groove Turther comprises a plurality of groove parts oriented
transversely or obliquely at an angle D at most equal to 45
degrees to the axial direction. The circumierential groove
parts and the transverse groove parts of which the zigzag-
ging narrow grooves are made are arranged in alternation
and are joined to one another by connecting groove parts to
form a continuous groove, the overall shape of which
undulates or zigzags about a mean circumierential direction.

By virtue of the presence of these at least two zigzagging
narrow grooves, a surface for heat exchange with the sur-
rounding air 1s created, this heat exchange surface corre-
sponding to each of the walls that delimits a narrow groove.
Advantageously, each narrow-groove wall, when new, has a
surface area which 1s comprised between three and seven
times the equivalent transverse surface area of the tread, the
latter surface area being the product of the width W of the
tread times the thickness E of wearable material.

According to one preferred embodiment, the narrow
grooves formed on each edge are phase-shifted relative to
one another in the circumierential direction so as to reduce
the vibrations caused by their presence.

In another preferred embodiment, a third narrow groove
of zigzagging overall shape 1s formed axially between the
two zigzagging narrow grooves formed 1n the vicinity of the
edges of the tread. According to one alternative form, this
third narrow groove has a maximum depth equal to or close
to the maximum depth of the other two narrow grooves and
may have a wavelength equal to or different from that of the
edge narrow grooves.

The depth of each narrow groove 1s limited to at most
80% of the thickness E of wearable material so as to
maintain suflicient mechanical connection between the
shoulder part of the tread and the rest of the tread and thus
limait the risk of chunking in the event of high stress loading.

According to one preferred embodiment, the second layer
(which means to say the layer of material radially on the
outside of the first layer) of which the tread 1s made has a
tear index, defined as being the mean deformation at break,

which 1s at least equal to 400%, and an energy at break at
least equal to 50 MJ.

The tear index of an elastomeric material 1s measured

using a test specimen of parallelepipedal shape, having the
dimensions: 10 mmx85 mmx2.5 mm and notched at 1ts

middle by three notches having a depth of 5 mm. This test
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specimen 1s subjected, in a chamber set to a temperature of
100° C., to a tensile tear-strength test until it breaks. The
force at break and the deformation at break are recorded. The
energy needed to cause the test specimen to break 1s calcu-
lated as being the product of the force at break times the
deformation at break.

Further features and advantages of the invention will
become apparent from the following description provided
with reference to the appended drawings which show, by
way ol non-limiting examples, embodiments of the subject
matter of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a volume view of a first alternative form of

tire according to an embodiment of the mvention;
FIG. 2 shows a surface view of a second alternative form

of tire according to an embodiment of the ivention;
FIG. 3 shows a surface view of a third alternative form of

tire according to an embodiment of the mvention;
FI1G. 4 shows a transverse cross section of the third

alternative form of tire shown 1n

FIG. 3.
FIGS. 5 to 8 show details of embodiments of the inven-
tion.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a volume view of the first alternative form
according to the mvention of a tire 1 of size 29.5 R 29 for
an ofl-road vehicle used for civil engineering work. In this
alternative form, the tire 1 comprises a crown part 2
extended on each side by sidewalls 3, these sidewalls 3
ending 1n beads which have not been shown in this FIG. 1,
and a carcass reinforcement 31 extending in the crown part
2, 1n the sidewalls 3, and in the beads.

The crown part 2 1s surmounted radially on the outside by
a tread 22 of width W equal to 680 mm and with a thickness
E of wearable material equal to 110 mm, the tread surface 10
of which can be seen 1n FIG. 1. The crown part 2 comprises
a crown reinforcement 21 made up of several working layers
210 stacked on one another and a protective reinforcement
211 positioned radially on the outside of the working layers.

The tread 22 1s formed by the superposition of two layers
of materials, a first layer 221 and the second layer 222, this
second layer 222 being located radially on the outside of the
first layer 221 so as to come into contact with the ground
when the tire 1s new, this second layer 222 having a
thickness equal to 92 mm. The thickness of the first layer
221 15 equal to 18 mm, and 1s intended to be worn away
during running once the second layer 222 has been com-
pletely worn away.

The material of the first layer 221, which 1s situated
radially on the inside of the second layer 222, 1s chosen to
have a low hysteresis value characterized by a tan(o) value
here equal to 0.11, this tan(d) value big obtained under the
conditions specified in the present document.

Moreover, the material of the second layer 222 of the
tread 22 which 1s 1 contact with the ground when new, has
an elongation at break equal to 773% and an energy at break
equal to 103 MJ. Such material 1s for example described 1n
the patent application published under reference WO 2015/
150542 Al.

An intermediate layer 20 1s interposed between the crown
reinforcement 21 and the tread 22; this intermediate layer
has the notable purpose of connecting the tread to the rest of
the tire and of adding protection to the crown reinforcement
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once the first layer 221 of the tread comes into contact with
the ground during running after the second layer 222 has
worn away.

Two zigzagging narrow grooves 4, 5 having the same
geometry are formed 1n this tread 22, by moulding, these
71gzagoing narrow grooves are continuous and pass all
around the tire about its axis of rotation (indicated by the
direction YY' in this FIG. 1). The zigzagging narrow
grooves 4, 5 have the same maximum depth P equal to 70
mm and a mean width equal to 6 mm, this mean width being,
suitable for allowing the walls delimiting these zigzagging
narrow grooves 4, 5 to come at least partially into contact
with one another when the tire i1s being driven on. The
71g7agoing narrow grooves are present when new in order to
provide eflective ventilation, and disappear as soon as the
tread has a reduced thickness, and therefore has less of a
tendency to heat up during running.

Each zigzagging narrow groove 4, 5 has a crenellated
shape for which a wavelength L, here equal to 240 mm, and
an amplitude A, equal to 300 mm, are defined.

In the configuration of this first alternative form, the two
zZigzagging narrow grooves 4, 5 are in phase with one
another circumiferentially and cross the equatorial mid-plane
embodied 1n FIG. 1 by the line XX'. In this way, a central
region C 1s generated, iside which region parts of said two
narrow grooves can be found. In this mnstance, the width of
this central region C 1s equal to 50 mm, and the region 1s
centred on the line XX

By virtue of the presence of these two crenellated narrow
grooves 4, 5, a surface for heat exchange with the surround-
ing air 1s created, this heat exchange surface corresponding
to the surface area each of the walls that delimits a narrow
groove. Fach narrow-groove wall, when new, has a surface
areca which 1s approximately equal to five times the equiva-
lent transverse surface area, viewed 1n section, of the tread,
the latter transverse surface area being evaluated by multi-
plying the width W of the tread by the thickness E of
wearable material.

In the first part of the wearing of the tire according to this
alternative form, the radially outermost part of the tread is
ventilated by the presence of these two zigzagging narrow
grooves 4, 5, which have the ability to close up as they enter
the contact patch, 1n order to maintain a suitable level of
stiflness when new. After part-wear to a sutlicient extent that
the zigzagging narrow grooves disappear, the good intrinsic
qualities at break of the material of the second layer 222
provide the tire with good integrity.

FIG. 2 shows a view of the tread surface 10 of a tread of
a tire according to a second alternative form of the invention.

According to this second alternative form, produced 1n an
identical size of tire to that of the first alternative form
described having a tread of width W equal to 680 mm, three
narrow and continuous grooves 4, 5, 6 running all around the
tire and each having a sinusoidal shape are formed by
moulding. The edge narrow grooves 4, 5 formed axially
turthest towards the outside of the tread each have the same
amplitude Al and wavelength .1 and are arranged in such
a way as to be in phase opposition relative to one another.

Formed between these two edge narrow grooves 4, 5 1s an
intermediate narrow groove 6 having an amplitude A2 and
a wavelength L2. This amplitude A2 1s, 1n this instance,
identical to the amplitude Al of the edge narrow grooves. By
contrast, the wavelength L2 of the intermediate narrow
groove 6 1s hall the wavelength L1 of the edge narrow
grooves. This intermediate narrow groove 6 extends trans-
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versely right across the equatorial mid-plane XX' and 1s 1n
phase with one of the two narrow grooves formed on the
edges of the tread.

An empty space D devoid of any cut 1s left between each
pair of narrow grooves 4 and 6 or 6 and 5; each of these
spaces D has a width equal to 40 mm.

The width between each edge narrow groove and the
closest edge corner 1s equal to 50 mm.

FIG. 3 shows a surface view of a third embodiment
according to the mvention of a tire of the same size 29.5 R
29. According to this third alternative form, two zigzagging
narrow grooves 4, 5 are formed, these two zigzagging
narrow grooves delimiting a central region C of width 210
mm. In this alternative form, each narrow groove has a
Zlgzagging shape comprising a succession of circumieren-
tially oriented planar parts 41, 51 of length Lc equal to 60
mm, and of oblique planar parts 42, 52 which are inclined by
an angle of 10° with respect to the axial direction of the tire.
Each circumierentially oriented planar part 1s connected to
oblique planar parts by curved parts 43, 33 of mean radius
equal to 25 mm.

In this alternative form, the amplitude A 1s equal to 200
mm, and the wavelength 1s equal to 500 mm.

Furthermore, a plurality of small oblique narrow grooves
7 making an angle of 30° with the axial direction, 1s formed
on the equatorial mid-plane. These small oblique narrow
grooves 7 have a depth equal to the depth of the z1igzagging
narrow grooves and occupy an axial width equal to 20% of
the width W of the tread, namely 136 mm; they are centred
on the equatorial mid-plane.

In an alternative form which has not been depicted, these
small oblique narrow grooves 7 may be replaced by at least
one single continuous or discontinuous narrow groove ori-
ented circumierentially to run all around the tire.

FIG. 4 shows a transverse section through the third
alternative form of tire shown in FIG. 3; the plane of section
1s indicated 1n FIG. 3 by 1ts line IV-1V. The way 1n which the
first layer 221 and the second layer 222 that form the tread
22 are arranged 1n the thickness 1s 1dentical to that described
hereinabove for the first alternative form of the mnvention. In
this alternative form, all the circumiferential parts 41, 51 of
the zigzagging narrow grooves 4, 5 are provided with the
bridges connecting the opposing walls of the said groove;
this bridging occupies a height equal to 30 mm, measured
from the bottom of the narrow grooves.

In the case described in connection with FIGS. 3 and 4,
the second layer 222 that makes up the tread 22 1s chosen to
have a mean deformation at break equal to 775% and an
associated energy at break equal to 103 MJ at a temperature
of 100° C.

As described above, the width of the narrow grooves 1s
small enough that the opposing walls delimiting the said
narrow groove can come at least partially into contact when
the groove enters the contact patch 1n which the tire 1s 1n
contact with the ground. To achieve this, the width LR of the
narrow grooves 1s preferably less than 15% of the maximum
depth of the grooves. In the example of the figures, the
maximum depth of the grooves when new 1s 70 mm, and the
width LR of the narrow grooves 1s 7 mm, namely 10% of the
maximum depth.

FIG. 5 depicts a detail of a preferred embodiment of the
invention. The plane of section 1s indicated 1n FIG. 3 by 1ts
line V-V. In this embodiment, the narrow grooves further
comprise reduced-width zones 44 1n which the width LR . .
1s comprised between 5% and 75%, and preferably between
3% and 20% of the width LR of the said zigzagging narrow
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groove. The example depicted corresponds to a width LR of
7 mm, and a width LR~ of 1 mm.

The reduced-width zones are preferably situated in the
transversely-oriented parts (42, 52) of the narrow grooves
(4, 5).

FIG. 6 depicts an alternative embodiment in which the
opposing walls of the reduced-width zones 45 are undulating
in order to further promote the stiflness of the tread despite
the presence of the cuts. The amplitude and period of the
undulations are preferably respectively comprised between
10% and 300% and between 25% and 300% of the width of
the grooves LR. The undulations depicted here have an
amplitude of 3.4 mm and a period of 8.5 mm.

The reduced-width zones preferably have a radial height
HR of at least 10% of the maximum depth of the groove. In
the examples depicted, HR 1s 25 mm.

The reduced-width zones preferably have an axial length
Lga of at least 10% of the amplitude A of the groove. In the
examples depicted, the length Lga 1s 70 mm.

For preference, the reduced-width zones are closer to the
tread surface when new than to the bottom of the grooves.
In the example depicted, the centre of the reduced-width
zones 1s 27 mm from the tread surface 10.

FIG. 7 illustrates an embodiment of the invention in
which a canal 46 1s formed 1n the bottom of the narrow
grooves, preferably along the entire length of said grooves
4.

FIG. 8 illustrates another embodiment of the invention,
showing the volume of the narrow grooves only. In this
embodiment, radial wells 47 extend from the bottom of the
narrow grooves towards the mnside of the tire. As a prefer-
ence, the said wells are positioned 1 the curved parts 43
connecting the circumierentially oriented parts 41 and the
oblique parts 42 of the narrow grooves 4.

The invention which has been described with the aid of
these alternative forms of embodiment 1s of course not
limited to these alternative forms of embodiment alone, and
various modifications can be made thereto without departing,
from the scope as defined by the claims. It 1s entirely
possible to combine these various alternative forms to suit
the need, and this can easily be performed by a person
skilled 1n the art.

The 1nvention claimed 1s:

1. A tire for an off-road vehicle, comprising:

a crown part extended on each side by sidewalls, these

stdewalls ending 1n beads,

a carcass remnforcement extending 1n the crown part, the

sidewalls and the beads,

the crown part comprising:

a crown reinforcement situated radially on the carcass
reinforcement, the crown remforcement comprising:
at least one working reinforcement, and
one protective reinforcement, and

a tread radially on an outside of the crown reinforcement

and having a width W and a thickness E of wearable

material, this thickness E of wearable material being at
least equal to 50 mm, this tread comprising:

a superposition of at least two layers of maternials, a first
layer located radially on an 1nside and a second layer
located radially on an outside of the first layer to
come 1nto contact with ground when the tire 1s new,
this second layer having a thickness E2 comprised
between 20% and 90% of the thickness E of wear-
able matenal,

at least two narrow grooves defined in the tread runming

circumierentially all around the tire the at least two

narrow grooves being fluidically separate from each
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other, and axially spaced apart from each other,
wherein each groove 1s formed by two walls that are
axially spaced apart from one another and each wall
extends circumiferentially uninterrupted all around the
tire, wherein:

the narrow grooves have a zigzagging overall shape of

wavelength L and amplitude A, the wavelength L being
between 10% and 120% of the axial width W of the
tread, and the amplitude A being between 10% and 75%
of the axial width W, and

the material of the first layer of the tread 1s chosen to have

low hysteresis; wherein the measured tan(o) value of
the matenial of the first layer 1s at most equal to 0.30.

2. The tire for an ofl-road vehicle according to claim 1,
wherein the material adopted for the first layer of the tread
1s a material that has a tan(d) value at most equal to 0.20.

3. The tire for an off-road vehicle according to claim 1,
wherein the amplitude A of the zigzagging narrow grooves
1s between 10% and 40% of the width W of the tread.

4. The tire for an ofl-road vehicle according to claim 1,
wherein each zigzagging narrow groove has a maximum
depth which 1s at least equal to 20% of the thickness E of
wearable material and at most equal to 90% of the thickness
E.

5. The tire for an off-road vehicle according to claim 4,
wherein each zigzagging narrow groove has a maximum
depth of wearable material being between 40% and 70% of
the thickness E.

6. The tire for an off-road vehicle according to claim 1,
wherein the tread comprises two zigzagging narrow grooves
situated on each side of the equatorial mid-plane, each
Z1gzagging narrow groove being formed entirely 1n one half
of the width of the tread, so that there 1s delimited, between
the zigzagging narrow grooves, a central part (C) of a width
between 0% and 70% of the width W of the tread.

7. The tire for an ofl-road vehicle according to claim 6,
wherein the width of the central part (C) 1s between 40% and
70% of the width W of the tread.

8. The tire for an off-road vehicle according to claim 1,
wherein each zigzagging narrow groove comprises a plu-
rality of groove parts oriented chiefly circumierentially, each
of these parts having a length L.c measured 1n projection onto
the circumierential direction, each narrow groove further
comprises a plurality of groove parts oriented transversely or
obliquely at an angle at most equal to 45 degrees to the axial
direction.

9. The tire for an ofl-road vehicle according to claim 8,
wherein a plurality of bridges are created 1n the zigzagging
narrow grooves, at least in the groove parts oriented chiefly
circumierentially and situated axially furthest towards the
outside, each bridge being formed from the bottom of the
narrow grooves and locally reduces the depth of these
narrow grooves by at least 20% of the maximum depth of
these narrow grooves.

10. The tire for an ofi-road vehicle according to claim 1,
wherein the width (LR) of each of the zigzagging narrow
grooves 15 less than 15% of the maximum depth of the said
narrow grooves.

11. The tire for an off-road vehicle according to claim 10,
wherein each zigzagging narrow groove further comprises a
plurality of reduced-width zones 1n which the width (LR . )
1s comprised between 5% and 75% of the width (LR) of the
71g7agoing narrow grooves.

12. The tire for an of-road vehicle according to claim 11,
wherein the reduced-width zones are situated in groove parts
of the narrow grooves which are oriented at an angle at most
equal to 45 degrees to the axial direction.
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13. The tire for an off-road vehicle according to claim 11,
wherein the reduced-width zones have undulating walls
facing one another.

14. The tire for an off-road vehicle according to claim 11,

wherein the plurality of reduced-width zones has a width
(LR ) of between 5% and 20% of the width (LR) of the
Z1g7agoIng narrow grooves.

15. The tire for an off-road vehicle according to claim 10,
wherein the width (LR) of each of the zigzagging narrow
grooves 15 less than 12% of the maximum depth of the said
narrow grooves.

16. The tire for an off-road vehicle according to claim 1,
wherein each zigzagging narrow-groove wall, when new,
has a surface area which 1s between three and seven times
the equivalent transverse surface area of the tread, the latter
surface area being the product of the width W of the tread
times the thickness E of wearable material.
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17. The tire for an ofif-road vehicle according to claim 1,
wherein the zigzagging narrow grooves are phase-shifted
relative to one another in the circumierential direction so as
to reduce the vibrations caused by their presence.

18. The tire for an ofl-road vehicle according to claim 1,
wherein a third narrow groove of zigzagging overall shape
1s formed axially between the two zigzagging narrow
grooves.

19. The tire for an ofl-road vehicle according to claim 18,
wherein the third narrow groove of zigzagging overall shape
1s formed 1n phase with one of the two zigzagging narrow
grooves.

20. The tire for an ofl-road vehicle according to claim 1,
wherein the second layer of which the tread 1s made has a
tear index, defined as being a mean deformation at break,
which 1s at least equal to 400%, and an energy at break at
least equal to 50 M.
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